The routine use of 18 F-fluorodeoxyglucose-positron emission tomography (PET)/ computed tomography scans for staging and assessment of treatment response for cancer has resulted in a large number of thyroid abnormalities being detected as incidental findings ("incidentalomas"). Since most PET/CT scans are performed in the setting of a known nonthyroid malignancy, the need for "incidentalomas" to be further investigated and managed depends on the stage, prognosis, and current treatment plan for the known malignancy. We present a case describing the management of an incidental F-fluorodeoxyglucose-avid thyroid nodule detected in a patient with known metastatic colorectal cancer. On the basis of this case, we discuss the management of incidental PET-detected thyroid nodules in patients with metastatic cancer. Thyroid "incidentalomas" must be seen in the context of the prognosis and treatment plan for the known malignancy. Keywords: cancer, imaging, metastasis, morbidity, surgery, PET
Case report
A 50-year-old female occupational therapist with a history of laparoscopic anterior resection 4 years previously for a T1 N0 M0 recto-sigmoid adenocarcinoma was found to have an elevated serum carcinoembryonic antigen (CEA) of 415.0 µg/L on surveillance blood testing. A computed tomography (CT) scan demonstrated a large mass in the left lobe of the liver involving the left and middle hepatic veins. Core biopsies demonstrated moderately differentiated adenocarcinoma, positive for CK20, CEA, and CDX2 and negative for CK7, TTF-1, and WT-1, consistent with metastatic colorectal cancer. Since the liver lesion was potentially operable, a 18 F-fluorodeoxyglucose-positron emission tomography (PET)/CT scan was arranged to check for occult extra-hepatic metastases. The PET/CT demonstrated a left iliac bone metastasis, retroperitoneal lymphadenopathy and a F-fluorodeoxyglucose (FDG)-avid thyroid nodule, reported as suspicious of malignancy (Figure 1) .
Given the presence of extra-hepatic metastases, the patient was treated with 6 months of palliative oxaliplatin and modified de Gramont chemotherapy. Although the possibility of a primary thyroid cancer was considered, in the context of inoperable metastatic colorectal cancer, further investigation of the thyroid abnormality was not considered appropriate at that time. CT performed upon completion of treatment demonstrated partial response to chemotherapy: reduction of the liver metastasis, resolution of the retroperitoneal lymphadenopathy, and sclerosis of the right iliac bone metastasis. After 3 months, she underwent left hepatectomy and cholecystectomy, followed by 
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Dearman et al radiotherapy to the left ilium 2 months later. She made a full recovery and CEA was undetectable (,0.5 µg/L) in serum. She was followed up by CT and serum CEA surveillance.
After 2 years of follow-up, a CT scan demonstrated progression of the thyroid nodule and serum CEA had risen to 2.2 µg/L. Ultrasound-guided fine needle aspiration of the thyroid nodule was graded THY5 with glandular malignant cells, which were negative for TTF1 and positive for CDX2 by immunocytochemistry. This was consistent with metastatic colorectal adenocarcinoma, and, given that other disease sites had not changed over 2 years, the patient was offered a right hemi-thyroidectomy. Postoperative histology is shown in Figure 2 . The patient is under CT and CEA surveillance and remains in remission 10 months later with undetectable serum CEA levels.
Discussion
Although benign and malignant "incidentalomas" are rare in routine clinical practice, 1 some clinicians have claimed that widespread use of whole-body imaging examinations has led to increased detection of thyroid "incidentalomas" 2 Two systematic reviews (55,160 and 125,754 subjects), analyzing studies using FDG/PET for various indications and patient populations, identified an incidence of focal FDG-avid thyroid lesions of 1%-1.6%. 3, 4 Malignancy was detected in 33%-34.8% of those with follow-up data available, of whom 81.3%-83% had papillary thyroid cancer (PTC), in keeping with the overall proportion of thyroid cancers that are PTCs. Of two studies reporting focal FDG-avid thyroid incidentalomas in patients with known or suspected nonthyroid malignancy, an incidence of 2.0%-3.9% was reported, with 34.7%-41.7% of these malignant lesions. 5, 6 In Kim et al's study, 6 all incidentalomas operated upon were identified as PTCs.
There has been a debate over the need to treat all PTCs. Despite the threefold increase in the reported incidence of PTC over the last 3 decades, 7 the death rate has remained stable. 8 This is supported by the studies of active surveillance, which has not been associated with increased morbidity, 9 and evidence of a significant burden of clinically occult PTC at autopsy. 10 Follicular, medullary, and anaplastic thyroid cancers carry worse prognoses and are considered to require intervention unless the patient has a very poor prognosis from the known nonthyroid malignancy.
A retrospective study of 47,813 thyroidectomies performed for various indications, identified thyroid metastases in 0.13% of samples.
11 Similar large data sets are not available for thyroidectomies performed only in patients with a known nonthyroid malignancy. Moreover, patients with thyroid metastases will typically have advanced malignancy and not proceed to thyroidectomy, so such data would underestimate the true incidence. In an autopsy series, the incidence was 1.9%-24% in patients with known malignancy. 12 Cohort studies have suggested an association with renal cancer, 13 although autopsy series indicate they are most commonly derived from lung, breast, and melanoma. 12 This case emphasizes the importance of considering carefully whether or not to intervene when an incidental FDGavid thyroid nodule is detected in a patient with metastatic cancer. Appropriate investigation and management depend on the disease stage, patient's performance status, prognosis, and treatment plan for the known nonthyroid cancer, and whether or not the thyroid abnormality is symptomatic. If there are symptoms, ultrasound and fine needle aspiration for tissue 
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Management of a thyroid "incidentaloma" diagnosis is warranted, and multidisciplinary team discussion involving an endocrine surgeon prior to considering further investigation and treatment.
For asymptomatic patients, further investigation of FDGavid thyroid lesions is only appropriate where demonstrating either metastatic disease to the thyroid or a more aggressive thyroid cancer will alter management strategy for that individual patient. The patient in our report had inoperable metastatic disease, so the "incidentaloma" was not considered likely to affect clinical outcome. However, after the patient underwent potentially curative liver surgery and high-dose radiotherapy, and completed follow-up for 2 years, it became appropriate to further assess the thyroid lesion.
One study recruited 43 patients with metastases to the thyroid gland and reported a longer survival (34 vs 25 months) for those undergoing surgery than in subjects treated nonsurgically.
14 This was not replicated in another nonrandomized study of 36 patients with metastasis to the thyroid in which 21 patients received surgery versus 15 that did not. 11 There was no statistical difference in overall survival despite the worse clinical situation of the nonsurgical cohort. Therefore with such weak evidence available, in patients suitable for intervention for their "incidentaloma," surgery is generally the treatment of choice for solitary thyroid metastasis and for known thyroid metastasis in patients where other extrathyroid metastases are resectable. 13 Patients must be counseled regarding the 1%-6% risk of surgical complications associated with thyroidectomy, including vocal cord paralysis, hypothyroidism, and hypoparathyroidism. 2 In summary, FDG-avid thyroid nodules occur relatively frequently. On finding thyroid "incidentalomas" in patients with a history of cancer, metastasis should be considered, even though the majority of these lesions will be benign or PTC. Thyroid "incidentalomas" must be seen in the context of the prognosis and treatment plan for the known malignancy.
